Abstract
INTRODUCTION
Dye-sensitized solar cell (DSSC), being the third generation solar cell developed by O'Regan and Gratzel in 1991 [1] have been receiving substantial interest due to its low cost, environment friendliness and overall simplicity as it works by converting inexpensive photon from solar energy to electrical energy, based on sensitization of wide band gap semiconductors [2] .
Generally, transition metal coordination compounds such as Ru-polypyridyl complexes and pure organic dyes are used as sensitizer due their good light harvesting property and stability [3] [4] [5] [6] [7] [8] . However, application of these types of sensitizers also faced problems regarding complicated synthetic routes, low efficiency and most importantly use of environmentally non-benign chemicals. [9] . Thus, as a green alternative, natural dyes obtained from natural pigments having similar characteristic are used with the advantages such as their availability, environmental friendliness and low cost [10] [11] [12] [13] [14] [15] [16] .
The efficiency of a cell also depends upon the anchoring of the dye on the mesoporous semiconductor. Though, a lot of work has been done using TiO 2 as wide band gap semiconductor due to its high efficiency [17] , but there is a good prospect of using other semiconductors such as ZnO, ZnS, and CdS which have a band gap comparable with TiO 2 . CdS (2.42eV) is such a wide band gap semiconductors from II-VI group which may be an attractive candidate for application in solar cell due to its high absorption coefficient and considerable energy conversion efficiency. [18] [19] [20] .
Thin films of CdS can be obtained by number of growth techniques such as chemical bath deposition (CBD), electrodeposition, thermal evaporation , screen printing , photochemical deposition , sputtering , and spray pyrolysis [21] [22] [23] [24] [25] [26] [27] .
However, CBD being a simple and low cost technique is used for large scale industrial applications and it also helps to achieve high quality films by controlled chemical reaction with minimum wastage of material following a greener perspective. Although, there are a number of reports on the optical, electrical and photoelectric properties of CdS thin films, but yet not enough work has been reported on the adsorption of natural dyes on CdS thin film [21] .
In the present study, CdS thin films were deposited on glass substrates from an ammonia bath by continuous dip coating technique for different deposition times. The optical, structural and morphological properties of the films were investigated by UV-Vis absorption, X-ray diffraction (XRD), and scanning electron microscopy (SEM). Two natural dyes extracted from locally available plant leaves namely lawsonia inermis linn and caesalpinia pulcherrima were then adsorbed on the as synthesized CdS thin films for the formation of the photoanode (working electrode) for application in DSSC. The interaction between the CdS thin films and the natural dyes were investigated through UV-Vis absorption spectroscopy with an aim to evaluate the optimised photoanode with better anchorage of the dyes. 
EXPERIMENTAL

Materials
Apparatus
The crystallographic structures of the films were analyzed with a Rigaku Ultima -IV X-ray diffractometer using Cu -Kα radiations operated at 40kV and 40mA. For optical studies, optical absorbance spectra in the vicinity of absorption edge were recorded using Perkin-Elmer spectrophotometer. Surface morphology and particle size was examined by LEO 1430VP Scanning Electron Microscope.
Synthesis of CdS Thin Films
CdS thin films were deposited on glass substrates by CBD technique using cadmium acetate [(CH 3 COO) 2 Cd. 2H 2 O] as Cd 2+ ion source and thiourea [CS(NH 2 ) 2 ] as S 2-ion source with cadmium to sulphur (Cd:S) molar ratio 3:5. The synthetic technique used in the present study is from the literature , but with a little modification of the process by varying the deposition time interval. In a typical reaction, equal volume of 0.6M cadmium acetate and 1M thiourea solutions were taken in a beaker, stirred for 15-20 minutes and then the reaction mixture is heated at 60 0 C for 3 hours. To these solutions NH 3 was added slowly and pH was adjusted at 9.5. The solutions were then stirred for 10-15 minutes and transferred into a bath containing chemically clean glass substrates. The substrates were held vertically with the help of a substrate holder and temperature of the bath was maintained at 60 o C. A set of three films A, B and C were obtained by changing the deposition time from 1 to 2 hour. After deposition, the substrates were removed from the chemical bath and thoroughly washed in doubly distilled water.
Reaction scheme for CdS Thin Film Synthesis:
In 
Extractions of Natural Dyes
Two dyes were extracted from locally available plant leaves of lawsonia inermis linn and flowers of caesalpinia pulcherrima using water as solvent. For aqueous extraction of the dyes, 100gm of finely crushed fresh leaves of lawsonia inermis linn and flowers of caesalpinia pulcherrima were transferred into two conical flasks containing 100 ml of deionised water and then boiled for 30 minutes at 100 o C. The extracts were kept in dark for 24 hour and then filtered with a whatman 40 no. filter paper.
All the filtrates were collected and stored in an air tight bottle at 0 o C until the CdS films are dipped into the dye solutions for the anchorage of the dye on the semiconducting surface.
RESULTS AND DISCUSSION
Structural and Morphological Studies:
XRD patterns of the CdS thin films deposited by CBD technique at a bath pH = 9.5, but for different deposition times (1h to 2h) are shown in Fig 1(a) . The XRD analysis reveals that the as synthesized films are polycrystalline in nature with a preferential orientation along (200) direction. The peaks were detected at 2θ = 26.4, 29.4, 43.7 and 51.7 which can be ascribed due to (002), (200), (110) and (201) reflection planes of the hexagonal CdS structure, respectively [27] . The XRD spectra reveals that the film deposited at a time interval of 2h exhibits better crystalline nature in comparison to the films prepared at deposition intervals of 1h and 1.5h .
Fig. 1(b) SEM of CdS thin film (2h)
The SEM micrograph of the CdS thin film prepared at 2h of deposition time is presented in Fig. 1 (b) . The surface of the film is found to be mesoporous in nature and thus suitable for adsorbing the dye on its surface.
Fig. 1 (c): Sample of extracted dyes
Optical Studies:
The figure 2(a) shows the electronic absorption spectra of extracts obtained from lawsonia inermis linn and caesalpinia pulcherrima .It was found that the absorption peak of the dye extracted from lawsonia inermis linn is about 470 nm while that obtained from caesalpinia pulcherrima is at about 500 nm with lower intensity. The difference in the absorption characteristics is due to the different type of composition and colours of the extracts. The active constituents of the lawsonia inermis linn is lawsone (0.5-1.0%). Other constituents are 5-10% gallic acid, white resin, tannin and xanthones The 'Lawsone' is principally responsible for the colorant property of the leaves. On the other hand, appearance of pink colour reveals the presence of some type of anthroquinons in caesalpinia pulcherrima flowers which is one of the responsible elements to become a dye sensitizer.
_______________________________________________________________________________________
Fig. 2 (c):
Comparison of UV-Vis spectra of the extracts of caesalpinia pulcherrima 1. fresh 2. aged for two months
It is also observed from the electronic spectra recorded two months back, ( as in Fig 2(b) and 2(c) ) , that the rate of degradation of the dye obtained from caesalpinia pulcherrima extract is more than that obtained from lawsonia inermis linn extract.
Thus, in terms of greater absorption and stability of the dye, lawsonia inermis linn leaves are more preferred for anchorage with the semiconductor CdS than the flowers of caesalpinia pulcherrima .
Fabrication of Photoanode
For the fabrication of the photoanode, the optimized dye extract of lawsonia inermis linn were adsorbed onto the surfaces of the as synthesized CdS thin films by continuous dip coating technique. The films were withdrawn after 24 hour dip time, washed in distilled water and dried in an oven at 40 o C for 5h. The color of the film was found to change from bright yellow to red indicating the anchorage of the dyes on the surface of CdS thin films. (2) and soaked (1) A comparison of the UV-visible absorption spectra of the unsoaked and dye soaked CdS thin films prepared at 1hr to 2hr of deposition times are presented in Fig 3(a) and Fig  3(b) .
From the spectra it was observed that the dye adsorbed films showed increased absorption in comparison to its unsoaked counterpart which is an indication of the good anchorage of the dyes on the surface of the CdS thin films. However, owing to the good crystalline as well as mesoporous nature and anchoring behaviour, the film prepared at 2h of deposition times is found to be more suitable as photoanode for application in DSSC.
CONCLUSION
Thin films of CdS have been prepared by CBD technique varying the deposition times from 1h to 2h. The as synthesized CdS thin films were found to be polycrystalline and mesoporous in nature thus being suitable for application as photoanode in DSSC. Two natural dyes were extracted and the optimized dye was anchored with the as synthesized films. A comparison of the absorption spectra of the unsoaked and the dye sensitized films indicates a good anchorage between the dye and the CdS thin films making them a suitable electrode for DSSC. 
